Introduction
Pulse electric current sintering (PECS) has been applied to consolidate various materials such as metals, plastics, ceramics, composites and functionally gradient materials.1) PECS is performed using a spark plasma sintering (SPS) or plasma activated (or assisted) sintering (PAS) system. Though there is a little difference between the SPS and PAS systems, a dc pulse current of several tens of milliseconds is applied directly to an electrically conductive die set, which is usually made of graphite and is similar in construction to that used for hot pressing (HP) in principle. The following features of the SPS and PAS have been reported: (1) The dc pulse generates plasma in the powder to be consolidated and the plasma (or spark discharge) efficiently removes impurities and/or oxide layers on the powder.2), 3) (2) The powder is heated by a spark discharge between the particles of the powder. 4) (3) The powder con solidates at a lower temperature than in the case of conven tional HP.5) (4) Rapid consolidation retards grain growth and the nanostructure is realized.5)-7)
Several ceramics such as Si3N4, 4), 5), 7) 8) AlN, 2) 3) Al2O36), 8) 9) and SiC10) have successfully been sintered by this method. However, some of the features mentioned above are doubtful, because the sintering was performed on ly by the PECS method and no comparison with other sinter ing methods such as HP and conventional sintering, except in the case Ref. 5) . Moreover, few experimental details, such as the temperature measurement method, were reported.
The objective of this experiment is to determine the features of PECS in comparison with those of HP using silicon nitride mixed powder from the same batch.
Experimental
Silicon nitride powder (Ube, E-10) was mixed with 5 mass% Y2O3 (Mitsubishi Chemicals Co., Ltd.) and 3 mass% Al2O3 (Taimei Chemicals Co., Ltd., Taimicron TM-D) using ethanol as a solvent in a ball mill for 24h. SPS-1020 equipment (Sumitomo Coal Mining Co., Ltd.) was used for PECS. In SPS equipment, a pulsed voltage is always applied. HP was performed using carbon-heatertype equipment (Fuji Dempa Kogyo Co., Ltd., FRET-45).
The die set used for PECS is shown in Fig. 1 . The diameter of the specimen was 20mm. To ensure electrical contact, a graphite foil was inserted between the punches and the die. The die set was covered with a ring of ceramic wool. The die set used for HP was almost the same except for the dimensions.
In HP, the diameter of the punch was 40mm.
In On observing the glow of the die set surface with the nak ed eye, the glow of portion B appeared brighter than that of portion A. If the electric current passes through the punch die-punch in Fig. 1 , most of the joule heat will be generated in the punches because the cross section of the die is 3 times 
